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Abstract 
Objectives 
This study reports vocal function in a cross-section of children with subglottic 
stenosis.  Each child had a history of laryngotracheal reconstruction and/or 
cricotracheal resection surgery.   Vocal function was measured using laryngoscopy, 
acoustic analysis, perceptual evaluation and impact of voice on quality of life.  
Design 
All patients aged >5 years with history of laryngotracheal reconstruction and/or 
cricotracheal resection surgery at the Scottish National Complex Airways service 
were invited to participate.  
Setting 
Data was gathered in the Royal Hospital for Children in Glasgow in a single out-
patient appointment. 
Participants 
Twelve out of fifty-six former patients (aged 5 ± 27) provided a voice sample and 
eleven consented to awake laryngoscopy. All consented for detailed evaluation of 
their medical records.  
Main outcome measures 
Acoustic analysis of fundamental frequency and pitch perturbation was conducted on 
sustained vowel [a]. Perceptual evaluation was conducted by four trained listeners 
on a series of spoken sentences.  Impact on quality of life was measured using the 
Paediatric Voice Related Quality of Life questionnaire.  Laryngeal function was 
descriptively evaluated.  
Results 
Four children had normal voice acoustically, perceptually and in relation to voice 
related quality of life.  One of these had vocal fold nodules unrelated to surgical 
hisWRU\7ZRRWKHUFKLOGUHQKDGµQHDUQRUPDO¶YRFDOIXQFWLRQGHILQHGZKHUHmost 
voice measurements fell within the normal range.   
Conclusions 
1RUPDORUµQHDUQRUPDO¶YRLFHLVDSRVVLEOHoutcome for children who have had this 
surgery.  Where there is an ongoing complex medical condition, voice outcome may 
be poorer.    
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Airway narrowing from subglottic stenosis (SGS) may be congenital or acquired 
following intubation or neonatal laryngotracheal injury1.  Although uncommon, 
(incidence <0.63%2), intervention establishes an airway through bypassing the 
obstruction (tracheostomy) or reconstructive surgery to expand or excise stenosis3.  
Two open surgical techniques exist: laryngotracheal reconstruction (LTR) and partial 
cricotracheal resection (CTR)4.  Primary surgical outcomes are survival or 
decannulation.  
In adults, voice quality is reduced following LTR or CTR, particularly in women5.  In 
children, voice outcome may be poor6,7 or good 8,9, with good voice related quality of 
life (QoL) despite persisting levels of hoarseness10.  Voice quality is largely better 
where the resulting phonation is glottic rather than supraglottic7 .   
Voice outcome varies according to surgical procedures or how voice is evaluated7, 
with for example different tools for evaluating QoL and different techniques for 
evaluating voice quality.  Published studies have a range of participant numbers: 
larger studies tend to be retrospective caseload analyses.  Clinical µgood practice¶ 
proposes a range of voice parameters are evaluated in adults11 and children12. 
Studies do not always encompass all parameters, with debate about the relationship 
between them.  For example there is a weak-fair correlation between perceptual 
evaluation of voice quality and voice-related QoL13.     
A challenge in reporting voice outcome in children is the comparison voice. In adults, 
within-subject design allows for pre and post-surgery comparison.  As the age at 
which most children have this surgery (usually infancy) comparison is made with the 
typical population, as in other aetiologies such as recurrent respiratory 
papillomatosis14. Few normatLYHVWXGLHVRIFKLOGUHQ¶VYRLFHTXDOLW\ exist, with only 
one published since 2010 providing normative data for English speaking children 
aged up to 18years15.   
LTR and CTR procedures have been undertaken in Glasgow since the 1980s.  A 
retrospective audit RISDUHQWV¶SHUVSHFWLYHVRQWKHLUFKLOG¶Vquality of life highlighted 
concerns about breathing, respiratory tract infections and voice quality; anxieties 
about independence and ability to lead a normal life16.  
The aim of this study was to evaluate voice in children who were >5 years who had 
had LTR/ CTR.  
Objectives 
1. :KDW DUH WKH ODU\QJHDO YLEUDWRU\ PHFKDQLVPV XVHG ZKHQ SURGXFLQJ YRLFH
REVHUYHGXVLQJYLGHRQDVHQGRVFRS\" 
2. +RZ GR WKH DFRXVWLF IHDWXUHV RI YRLFH UHFRUGLQJV FRPSDUH WR D SXEOLVKHG
QRUPDWLYHDFRXVWLFGDWDVHWIRUDQ(QJOLVKVSHDNLQJSRSXODWLRQ" 
3. :KDW LV WKH YRLFH TXDOLW\ ZKHQ PHDVXUHG XVLQJ DQ HVWDEOLVKHG SHUFHSWXDO
GHVFULSWRU*5%$617" 




Permission for the study was granted by the National Health Service West of 
Scotland Research Ethics Committee and the University of Strathclyde Research 
Ethics Committee.  Information sheets and consent forms were specifically designed 
so they were appropriate for younger children using pictures to describe the study, 
allowing for written consent to be obtained from both the child and their 
parent/guardian.   
Study Design 
Using a cross-sectional design, participants were recruited from the Scottish National 
Complex Airways Management Service.  All surviving children aged >5 years (n=56) 
who had undergone LTR/CTR were invited to take part through postal information 
leaflets.   
Setting 
Participants attended a single out-patient appointment at the Royal Hospital for 
Children in Glasgow. Each appointment incorporated laryngeal evaluation, voice 
recording and completion of the PVRQoL.     
Participants 
Fifty-six past patients who had a history of SGS and LTR were invited to participate.  
All had laryngofissure, with neonates tending to have rib grafts and older patients 
thyroid alar graft.  Sixteen opted-in to the study: twelve attended, one withdrew and 
three failed to attend.  NHS permissions were conditional on potential participants 




XVLQJ D KLJK GHILQLWLRQ µFKLSLQWLS¶ QDVHQGRVFRS\ V\VWHP DV WUDQVRUDO ULJLG
VWURERVFRS\LVQRWDVZHOOWROHUDWHGDVWUDQVQDVHQGRVFRS\LQRXUSRSXODWLRQ$XGLR
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Table 1 summarises the medical and surgical histories, including age at time(s) of 
surgery and at time of participation. Medical histories were varied: six were 
premature, three had syndromes with medical comorbidities, seven had neonatal 
respiratory problems requiring ventilation and/or tracheostomy. One participant was 
ventilated as an adolescent, developing SGS.  Participant #12 was the only child 
who had both CTR and LTR.  The remaining eleven had LTR only.  Six presented 
with larygologically complexity at the time of involvement in the study such as 
chronic cardiac conditions (n=2); chronic reflux condition (n=1); in-situ tracheostomy 
(n=1) and a surgically damaged vocal fold (n=1).  
<insert Table 1 here> 
Descriptive data   
Table 2 provides descriptors of laryngeal function.  Agreement occurred between 
both otolaryngologists in seven cases with minor differences in four cases for 
supraglottic activity.  Two children had bilateral vocal fold nodules.   
<insert Table 2 here> 
Outcome data 
The acoustic data is presented in table 3, showing each participant¶s F0, jitt%, 
shimm% and NHR value in comparison to age/gender matched norms.  
<insert Table 3 here> 
As shown in figure 1, eight participants had F0 within the normal range (1a), seven 
with jitt% within the normal range (1b), seven with shimm% in the normal range (1c) 
and seven with NHR within the normal range (1d). Six (#4,6,8,9,10,11) had all 
acoustic measures relevant for voice quality (jitt%, shimm% and NHR) within the 
normal range, and four (#8,9,10,11) had all acoustic values within the normal range. 
<insert Figure 1 here> 
Main results 
Table 4 summarises combined findings of the acoustic analysis, the perceptual 
evaluation and PVRQoL scores.  The acoustic data is coded DVµ¶LQGLFDWLQJµZLWKLQ
QRUPDOUDQJH¶DQGµ±µLQGLFDWLQJµout-with QRUPDOUDQJH¶.  The modal GRBAS rating is 
given along with parent and child PVRQoL values.  
When all of the acoustic data lies within the normal range (#8,9,10,11) this was 
SHUFHLYHGDVHLWKHUµQRUPDO¶RUµPLOGO\G\VSKRQLF¶E\WKHOLVWHQHUV7KLVLVVXSSRUWHG
by at least one parent or child PVRQoL score in the normal range.   
<insert Table 4 here> 
)RXUSDUWLFLSDQWVSUHVHQWHGZLWKDFRXVWLFDQGSHUFHSWXDOGDWDZLWKLQWKHQRUPDOUDQJH
ZLWKPLQLPDOSDUHQWDORUFKLOGLPSDFWUDWLQJ7KHSDUWLFLSDQWVZLWKYRFDOIROGQRGXOHV
WHQGHG WR KDYH DFRXVWLF DQG SHUFHSWXDO GDWD ZLWKLQ WKH QRUPDO UDJH RQH KDG 
DFRXVWLF SDUDPHWHUV ZLWKLQ WKH QRUPDO UDQJH DQG SHUFHSWXDOO\ LGHQWLILHG DV
QRUPDOPLOGO\G\VSKRQLF3954R/ZDVORZHUZLWKDSDUHQWVFRUHRIDQGDFKLOG
VFRUHRIVKRZLQJDYRLFHUHODWHGLPSDFWRQ4R/7KHRWKHUKDGQRUPDODFRXVWLF
YRLFH SDUDPHWHUV D QRUPDOPLOG SHUFHSWXDO UDWLQJ RI YRLFH TXDOLW\ QR UHFRJQLVHG




Key results  
This study gathered information about vocal function using a recommended adults11 
and child12 protocol.  The vibratory source in all cases was the true vocal folds. Two 
children had vocal fold nodules, not related to their history of LTR (each presented 
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 2 3 4 5 6 7 8 9 10 11 12 
Glottic Closure Irregular Complete Anterior 
Gap 
Complete Complete Cannot rate Complete 
Posterior 
Gap 
































Level Level Level Level Level Cannot rate Level Level Level Level Off level 
Vocal Fold 
Edge ± Left Irregular Straight Irregular Straight Lesion Straight Straight Straight Straight Lesion  Straight 
Vocal Fold 
Edge ± Right Irregular Straight Straight Straight Lesion Cannot rate Straight Straight Straight Lesion  Scarring 
Arytenoid 





























Table 2 ± Laryngeal function ratings following CCHMC rating form. Agreed ratings are given.  Where there is any disagreement 

























Maturo et al15 dataset 
Study 
value 
Maturo et al15 dataset 
Study 
value 
Maturo et al15 dataset 
Study 
value 
Maturo et al15 dataset 
Mean (SD) Range Mean (SD) Range Mean (SD) Range Mean (SD) Range 
1 
248.45 263 (23.86) 220-306 5.846 
1.18 (0.89) 0.43-3.59 
12.24 3.11 (1.24) 
1.1 ±5.17 
0.337 0.11 (0.02) 0.07-0.14 
2 
208.85 277 (27.54) 229-320 7.12 
1.68 (1.02) 0.31-3.33 
9.69 2.69 (1.11) 
1.05-4.68 
0.26 0.11 (0.02) 0.07-0.13 
3 
260.454 277(27.53 229-320 2.244 
1.68 (1.02) 0.31-3.33 
16.562 2.69 (1.11) 
1.05-4.68 
0.306 0.11 (0.02) 0.07-0.13 
4 
297.14 243 (19.7) 202-275 2.56 
1.03 (0.83) 0.39-2.85 
5.50 2.53 (1.32) 
1.14±5.64 
0.14 0.12 (0.03) 0.08-0.17 
5 
237.365 235 (28.67 195-267 2.806 
1.16 (0.72) 0.35-2.37 
4.075 2.47 (1) 
1.47±4.81 
0.158 0.09 (0.03) 0.05-0.15 
6 
400.622 251 (33.96) 197-295 1.396 
2.24 (0.73) 0.56-5.3 
3.831 4.66 (2.02) 2.44-9.02 0.169 0.13 (0.04) 0.1-0.27 
7 
175.50 251 (33.96) 197-295 6.79 
2.24 (0.73) 0.56-5.3 
21.71 4.66 (2.02) 2.44-9.02 0.66 0.13 (0.04) 0.1-0.27 
8 
294.706 251 (33.96) 197-295 2.777 
2.24 (0.73) 0.56-5.3 
6.6 4.66 (2.02) 2.44-9.02 0.149 0.13 (0.04) 0.1-0.27 
9 
214.989 243 (21.73) 211-278 1.667 
1.57 (0.86) 1.42-2.96 
4.129 2.68 (0.98) 1.31-4.79 0.136 0.11 (0.01) 0.08-0.13 
10 
261.463 217 (22.41) 188-271 1.255 
1.07 (0.49) 0.3-2.08 
3.808 2.5 (0.97) 1.38-4.22 0.119 0.11 (0.01) 0.07-0.14 
11 
214.14 177 (51.3) 103-268 1.68 
1.72 (0.97) 0.26-4.76 
5.73 4.22 (3.97) 1.56-14.22 0.13 0.14 (0.05) 0.07-0.24 
12 
147.23 176 (33.5) 120-224 4.80 
0.97 (0.63) 0.44-2.18 
14.54 2.38 (0.77) 1.45-3.97 0.38 0.14 (0.02) 0.07-0.24 
7DEOH6WXG\SDUWLFLSDQWV¶)MLWWVKLPPDQG1+5FRPSDUHGZLWKQRUPDWLYHGDWDVHWIURP0DWXURHWDO 
 
 Acoustic data 
Modal value for each parameter of the 
GRBAS 
PVRQOL 
Gender Participant # F0 Jitt% Shimm% NHR G R B A S Parent score Child Score 
Ƃ 
1 + - - - 2 2 2 2 2 85 Not available 
2 - - - - 2 1 2 2 0 47.5 92.5 
3 + + - - 2 1 0 1 2 651 Not available 
4 - + + + 1 0 1 1 1 72.5 90 
5 + - + + 2 2 0 0 0 100 65 
ƃ 
6 - + + + 1 1 0 0 1 402 62.5 
7 - - - - 3 3 0 0 2 75 87.5 
8 + + + + 1 1 0 0 1 90 97.5 
9 + + + + 1 1 0 0 0 100 100 
10 + + + + 0 0 0 0 0 82.5 97.5 
11 + + + + 1 0 0 1 0 100 87.5 
12 - - - + 2 2 1 1 1 62.5 92.5 
Table 4.  Individual participant data presented with acoustic data (on the left), with + indicating within the normal range and ± 
indicating not within the normal range; GRBAS modal values (centre) and PVRQOL scores (parent and child) (on the right). 
  
                                                          
1
 One question was rated as µQot applicable¶ giving missing values from the total score ± KDGLWEHHQUDWHGDV³QRWDSUREOHP´the total score would be 75.  
2
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